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accordance witn tne instant invention; 

Figure 2 is a transverse, cross sectional 
view°taken generally along the plane or line 
2—2 of Figure 1, looking m the direction 
of the arrows; ' 

Fi-ure ^ a more or loss diagrammatic 
top plan view of apparatus tor producing the 
inner tube of the composite tubing oi Hgurcb 
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Figure 4 is a more or less diagrammatic 
side clevationaL view of apparatus for taking 
the inner tube oroduced by the apparatus or 
Fi-ure 3, and applying an adhesive thereto, 
and then applying, such as by braiding, rein- 
forcing material about such inner tube, and 8( 
resulting in bonding of the reinforcing material 
to the inner tube; 

Figure 5 is a more or less diagrammatic top 
olan view of aoparatus for taking the inner 

w ; T h the reinforcing material adhered b 
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composite tubing; 
reinforced, corn- 
conveying pres- 



\X'e, Samuel Moore and Company, a cor- 
poration organized and existing under the 
laws of the State of Ohio, United States of 
America, of Mantua, Portage County, State 

5 of Ohio, United States of America, do hereby 
declare the invention, for which we pray that 
a patent may be granted to us, and the method 
by which it is to be performed, to be par- 
ticularly described in and by the following 

10 statement: — 

This invention relates to 
and more particularly to 
posite plastic tubing, for 
surized fluid. 

15 In our United Kingdom Patent Specifica- 
tion No. 930573 there is disclosed a compo- 
site plastic tubing comprising an inner tube 
of nylon, at least one layer of fibrous rein- 
forcing material disposed about the inner tube 

20 and forming a reinforcing member therefore, 
and an outer sheath of nylon covering the 
reinforcing material. Such a composite nylon 
tubing has a high strength and is useful in 
various applications in for example the earth 

25 moving and the spraying equipment fields, 
wherein relatively high hydraulic pressures 
are utilized for conveying fluid through oper- 
ating lines. However, this nylon tubing has 
certain disadvantages which stem primarily 

30 from the crystalline nature of the nylon resin. 
First of all, such tubing is somewhat less 
flexible than what is desirable for pressure 
hoses at least for certain applications, and 
secondly, such tubing is subject somewhat to 

35 "crimping'' 1 which once it has occurred in a 
length of tubing, represents a permanent area 
of weakness on subsequent flexure of the tub- 

The present invention aims to provide a 
40 high strength composite plastic tubing having 
a greater flexibility and resistance to "crimp" 
than the nylon tubing just mentioned. 

The invention accordingly provides a com- 
posite tubing comprising an inner tube of 

[Price 4f. 6d.] 



extruded thermoplastic eiastomeric polyure- 
thane material, at least one layer of fibrous 
material disposed about said inner tube and 
forming a reinforcing member, an eiastomeric 
polyurethane adhesive bonding said reinforc- 
ing member to said inner tube, and an outer 
sheath of extruded thermoplastic eiastomeric 
polyurethane material covering said reirtforc- 
mg member, said adhesive bonding said outer 
sheath to said reinforcing member and to said 
inner tube. 

The invention includes also methods of 
manufacturing such tubing. 

The invention will now be further des- 
cribed with reference to the accompanying 
drawings which illustrate by way of example 
certain embodiments thereof together with a 
known tubing for comparison purposes. In the 
drawings: — 

Figure 1 is a partially sectioned and par- 
tially cutaway view of a composite tubing in 
accordance with the instant invention; 

Figure 2 is a transverse, cross sectional 
view taken generally along the plane of line 
2 — 2 of Figure 1, looking in the direction 
of the arrows; 

Figure 3 is a more or less diagrammatic 
top plan view of apparatus for producing the 
inner tube of the composite tubing of Figures 
1 and 2; 

Figure 4 is a more or less diagrammatic 
side elevational view of apparatus for taking 
the inner tube produced by the apparatus of 
Figure 3, and applying an adhesive thereto, 
and then applying, such as by braiding, rein- 
forcing material about such inner tube, and 
resulting in bonding of the rernforcing material, 
to the inner tube; 

Figure 5 is a more or less diagrammatic top 
plan view of apparatus for taking the inner 
tube with the reinforcing material adhered 
thereto, from a payoff reel, and extruding 
thereover the outer sheath of eiastomeric poly- 
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urcthane material, to form the bonded corn- 
posits tubing product of the invention, 

Figures 6, 7 and 8 are respectively views 
of a known composite plastic tubing formed 
from an inner tube of nylon, intermediate, 
braided reinforcing material, and an outer 
nylon sheath, and with such tubing being 
disposed in respectively a straight line or 
axial condition, a partially bent condition 
and more fully cent condition; 

Figure 6A is a highly magnified sectional 
illustration of the condition cf the layers of 
the materials forming the composite tubing 
of Figures 6 to 3 when the latter tubing is in 
the straight line condition of Figure 6; 

Figures 7A and 7B are views similar to 
that of Figure 6A, but illustrating the condi- 
tion of the layers when the tubing is in the 
Figure 7 partially bent condition, with Figure 
7 A being taken from the top side of the 
Figure 7 tubing, while Figure 7B is taken 
from the underside of the Figure 7 tubing; 

Figures 8A and SB arc views similar to 
Figures 7A and 7B, respectively, but illus- 
trate the condition of the laycx"^ when th^ 
tubing is in the Figure S condition; 

Figures 9> 10 and 11 are views corres- 
ponding to those of Figures 6, 7 and S, res- 
pectively, but showing the same condition of 
a composite plastic tubing formed in accor- 
dance with the present invention; and 

Figures 9 A, 10A, 10B, 1 1 A and !1B 
are magnified views cf the Figures 9 to 11 
tubing, and correspond generally to Figures 
6A, 7A, 7B, 8A and SB, respectively. 

Figure? 1 ^nd 2 of the: drawings show a 
piece of plastic composite tubing T, com- 
prising an inner tube 10 formed of extruded 
thermoplastic el as torn eric polyu re thane, such 
inner tube being adapted to carry the flow of 
fluid tiiere tli rough. Surrounding the inner 
tube is a fibrous reinforcing sleeve member 
12 comprising a plurality of strands or "yarns*' 
14 which in the embodiment illustrated have 
been machine braided about the inner tube, 
using a regular weave. An elastomeric poly- 
urethane adhesive 15 (formulated as will be 
described) is utilized, which adhesive encap- 
sulates the strands of the reinforcing material, 
and bonds the reinforcing sleeve member to 
the inner tube. Superimposed over die rein- 
forcing sleeve member 12 is an extruded, 
outer sheatii 16 of thermoplastic elastomeric 
pciyurethane T which is bonded to the reinforc- 
ing material and to the inner tube by the 
aforementioned, layer of elastomeric adhesive; 
this arrangement provides a high strengdt 
composite tubing possessing very good flexi- 
bility and crimp resistance. 

The extrudibie thermoplastic polyurethane 
resins which are unable in the composite tub- 



pounds are chemically the reaction products 
of a hydroxy terminated polyester with di- 
phenylmethane diisoeyanate, to form a prc- 
pclymer which is then chain extended with 
a polyhydroxy comprund to produce a cured 
resin." The proportions of "Texin" used to 
form the blended polyurethane elastomer for 
both the inner tube 10 and the outer sheath 
16 mav be varied over a range of 20", 
"Texin' 4S0A" and SC. "Texin to 
30 "Texin 460A" and 20 , "Texin 355D'\ 
A proportion that has been found to be especi- 
ally satisfactory has been a blend of 60° , 
"Texin 355D" and 40 '. "Texin 430 A". 
The properties of "Texin 4S0A" are gener- 
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Ha rdne : s- S h o re 
The corre:ponding properties for "Texin 
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Tensile strength, p.s.i. 
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sleeve member 12 are preferably composed of 
polyester filaments, such as poly (alkylene 
terephthalate) ester fibre or more specificaLly 
poly ^ethylene t jriphihrJr.te' ester fibre, com- 
monly available under the Registered Trade 
Mark "Dacron", or of polyamide filaments, 
such as Nylon. The individual strands or 
"yarns" are* preferably of the floss-type with 
each formed of a substantial plurality of fila- 
ments 18 (Figures 6 to 11B which are mov- 
able with respect to one another. Other hiph- 
strength f?bre materials may be used for the 
reinforcing sleeve, such as high tenacity rayon. 
The strands or "yarns" 14 are disposed in 
tenrioned relation about the inn;r tube, there- 
by minimizing volumetric expansion of the 
cenrpcrite tubing during the conveying of 
fluids therethrough. 

The polyurethane adhesive, which is used 
for encapsulating the reinforcing braided 
sleeve member 12, and for bonding the latter 
to both the inner rube 10 and to the outer 
sheath 16, preferably has the following 
approximate composition: 
" Prcpolymer * 3^.2 to 93.3 ., 

Chain extend er 5.6 to 9.5°. 

Catalyst 1.0 to ^ 1.2"' 

The preferred prepolymer for the above 
rr.j.ntioncd adhesive composition is known 
commercially as "Adiprene L100" ("Adi- 
prer.e" is a Registered Trade Mark which 
is a product of the E.L Dupont Chemical 
Corporation. 



70 



The preierred 
:ommercialIv 
-du;r of 



: h a i n e x t en d e r is k n o wn 
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similar effect. Examples of some of such other 
dibasic acids which could be used as catalysts 
are oxalic, malonic, succinic, glutaric, sebacic, 
etc. lhs adhesive, being a two-part catalyzed 

5 system, has a relatively short pot life, and 
therefore is preferably mixed within a few 
minutes before application to the hose. Appli- 
cation of the latter adhesive will be herein- 
after described in greater detail. 

10 In its final cured state, the adhesive physic- 
ally enclojes or encapsulates the individual 
strands or "yams of the sleeve member, and 
the elasticity and flexibility of the adhesive 
control the degree of motion and slippage 

15 of the filaments. 

Another adhesive which may be utilised in 
the production of the composite plastic tubing 
of the invention and which gives satisfactory 
results consists of approximately 65% by 

20 weight of "F66", 30%' by weight of "Nalco 
1713", and approximately 5% tall oil. £t F66" 
is a prepolymer similar in certain respect to 
£; Adiprene L100" but manufactured by the 
Mobay Chemical Co. "Nalco 171 S" is a poly- 

25 hydroxic compound manufactured by the 
National Alumina te Co. 

In the mixture of the adhesive materials, 
the prepolymer is actually the basis or back- 
bone of the cured polymer. It is called a pre- 

30 polymer because it is a partially polymerized 
material consisting of two monomeric sub- 
stances. However, its molecular weight is such 
that it is still in a liquid state and does not 
resemble a cured plastic. When the chain ex- 

35 tender and the catalyst are added to the pre- 
polymer, the length of the chain is increased 
which in turn increases the molecular weight 
of the plastic com p coin d such that it becomes 
a solid having the properties desired. It is 

40 believed that a small amount of cress linking 
between the backbone chains does occur, 
though the amount of cross linking must be 
very small or else the polymer would turn into 
an insoluble and infusible mass without the 

4 5 flexibility and elasticity required to control 
the slippage of the individual filaments within 
each strand. 

The outer sheath of the composite plastic 
hose is formed of die same general composi- 
te tion as utilised in the production of the inner 
tube of the composite hose. 

The wall thicknesses of the respective sec- 
tions of material forming the composite tub- 
ing of the invention have been found to be 

55 preferably as follows: For a i inch internal 
diameter hose, the wall thickness of the inner 
tube 10 should preferably be within the range 
of .030 to .050 inches and with such size 
of tubing, the preferable thickness of the outer 

60 sheath 16 should be within the range of .025 
to .040 inches. The approximate overall 
dimension or thickness of the wall cf the 
composite tubing is preferably from about 
.090 inches to .125 inches. This thickness, of 

65 course, presupposes an integral construction 



with the various components of the wall held 
or bonded together by the elastomeric adhe- 
sive material 15. 

Figure 3 di a grammatically shows apparatus 
for producing the inner tube 10 of the com- 70 
posite tubing. Such inner tube is formed by 
extrusion, and the extrusion of such inner tube 
with its relatively thin wall may present sup- 
port problems, and therefore an internal air 
pressure of predetermined value is maintained 75 
in the tubing as it is extruded from the cross 
head 23 of extrusion machine 24. 

The extrusion machine may be of a more or 
less conventional type, but embodying a hop- 
per drier unit 26, and extrusion mechanism SO 
23 which forces the heated polyurethane 
material out of the die orifice 29 of the head. 
An internal air pressure control unit (not 
shown) which is known in the 2Xt, may be 
provided for maintaining the aforementioned 85 
air pressure interiorly of the inner tube, as 
it is extruded from the head. Reference may 
be had to United States Patent Specification 
No. 3,159,183, in which there is a disclosure 
of an air control unit and associated mecha- 90 
rusm, for applying internal air pressure to a 
plastic tube during the extrusion thereof. 

From head 23, the length of extruded inner 
tube is moved through a relatively short water 
bath 30 for quenching the hot tube, and thus 95 
substantially "setting" it and thereby prevent- 
ing subsequent elongation or stretching. The 
tube may be taken from the water bath 30 
by means of any suitable haul- off device 36, 
which may be of the known powered cater- 10 n * 
pillar type, and it is then moved into a 
second water tank 33 for further cooling. 
After leaving the bath 38, the tubing is wound 
upon a reel mechanism 40 of conventional 
construction. 105 

Referring now to Figure 4, a reel 42 of the 
extruded elastomeric polyurethane inner tub- 
ing 10 is mounted on a payoff stand 44 of 
conventional type, as for instance illustrated 
in the aforementioned United States Patent 110 
Specification No. 3459,183; the tubing is 
passed through an adhesive applicator 46 
which, as illustrated in Figure 4, may embody 
a funnel portion 46d. Reference may be had 
to the aforementioned United States patent 115 
specification for a more detailed description 
of a suitable applicator. The tubing may be 
then passed through a conventional drier unit 
48 which for instance, by use of hot air 7 may- 
expedite the '''gelling" of the adhesive material 120 
on the inner tube to aid in the "setting" of the 
adhesive layer 15 on the inner tube. How- 
ever, the drier unit may be eliminated as it is 
not absolutely necessary when the adhesive is 
of the composition above described. 125 

From the drier 48, the adhesive coated 
inner tube may be passed to a braiding mecha- 
nism 50 which may be of any conventional 
type, many of which are known in the tubing 
art. After the inner tube has been braided 130 
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with one or more layers of reinforces 
material it is wound upon a reel 54 tor tur- 
— * instead or 



ther handling. The inner tubing, ^ 
b-h" orcvided with a braided layer of rein- 
forcing material, could be provided with, a 
s-rvecf or raced tvne of reinforcement, it being 
understood 'that 'there are many mechanisms 
available m the tubing an for applying such 
d or served reinforcement to tne exterior 
o? tubing. The onlv requirement is that the 
tcoed reinforcement comprise strands or 
"yarns" of multiple filaments IS, as des- 
cribed above. . 

Sv subjecting the tubing to the drier 48 
tor 'the correct period of time (which may 
be r-'ativelv short such as approximately 1? 
seconds to 'two minutes) between the appli- 
cation of the adhesive to the inner rube and 
tr~ application of the reinforcing material to 
rh I a dh^ive th- liquid adhesive can be 
brought to a' gel state at the time the rein- 
forcing material is applied over it. The adne- 
s-:ve will reach the fully cured state on merely 

v.^rr nr mnm vmr»r?.ture for a period ot 

7-Tto '^hours. However, by exposing the 
composite tubing to an elevated temperature, 
such as for instance from 1>0° F to 2)0 F. 
from S to 24 hours, the cure may be hastened. 

T'ne viscosity of the adhesive during its 
application to the inner core may be within 
the range of 1C00 to 100,000 centrpoises the 
nretWred range being from 5000 to 2,000 
centmci.es. The adhesive is applied to trie 
inner tube at a temperature of from 70 t. 
iq ??5° F with a ureferred temperature range 
cf P5° F to 200" F. The adhesive, btcama 
of its viscosity, is net absorbed into the 
«rran-*s 14, but encaosuiates such strands and 
may pass thrcu-h the interstices between them. 
After the reinforcing sleeve member has been 
replied to the inner tube, and before the 
adhesive material has cured, or m other words 
r-latively shortly after application tne 
braid l 7 the braided and adhesive coated 
inner tube is taken to an extruder for appli- 
cation of the cuter sheath thereto. 

Referring to Figure 5, there is shown a 
Davoff stand 60 carrying a reel 34 irom v/hi.h 
braided tubing is fed through an adhenve 
^Plicator mechanism 62, which may ce des- 
cnbed in connection witii Figure 4 and which 
cc-a's branded tubing, with a liquid polyure- 
e clastomeric adhesive. From applicator 
62 the tubing parses through a conventional, 
blower operated air drier unit 66. 

'A tension device 70, which may be of 
the conventional wheel type, may be provided 
•or maintaining a constant tension on _ trie 

' - - as it is 



the tubing as it passes through the cross head 
73 of extruder mechanism 74, which extruder 
mechanism is adapted for applying the outer 
sheath 16 of elastomerie polyurethane material. 

Extruder mechanism 74 includes a dner 
hooper unit 76 for drying the elastornenc 
poivurethane material prior to extrusion there- 
of onto the tubing. This pre-drying prefer- 
ably occurs for a minimum or one hour at 
^proximately 200' F. A: head 73 of the 
extruder mechanism 74, the outer sheath 16 
is applied to the tubing and is adhered by the 
adhesive coating 15 encapsulating the re.n- 
fcrin- sleeve member 12 of the tubing. 

From extruder head 73, the sheathed tubing 
is Dashed through a water bath SO which 
quenches and cools the heated tubing. Haul 
off mechanism 82, which may be of the cater- 
pillar type, draws the tubing from the water 
bath SO and from the extruder head 73. 

The tubing is then passed through a conven- 
tional marking mechanism S4 which is well 
knewn in the art for applying a trademark 
and/or other identifying indicia to jhe sheath 
of the tubing product, i ne tubing is then 
wound upon a reel S6 of coiler mechanism 
88, and may be stored for subsequent use or 
shipping. As mentioned above, the adhesive 
will reach a finally cured state on standing at 
room temperature' for a period of from 24 to 
72 hours, or the cure may be hastened by the 
use of an elevated temperature exposure^ to 
the tubing, such as for instance 150° to 250° 
F. for a period cf from 8 to 24 hours. 

Once the manufacturing process has been 
started it ma^ be a substantially automatic 
process wherein all of the above-described 
apparatuses operate continuously.' It wiU oe 
seen, therefore, that even though the various 
apparatuses have been illustrated and des- 
cribed in more or less sectional groups, com- 
prising first the production of the inner core 
10 and then the production of the braided or 
reinforcing material 12 bonded to the inner 
ccr- and then the production of the outer 
sh-ath 16 bonded to the reinforcing material 
of the tubing, the process could be performed 
in one continuous straight lined arrangement. 

Referring now to Figures 6 to 1 IB inclu- 
sive, Figures 6 to 8 and Figures 6A to SB, 
show various conditions of a known plastic 
composite tubing X which is illustrated ror the 
DurpVe of contrasting it with the tubing accor- 
ding to the present invention. This tubing X 
co^rrises an extruded nylon inner tube 90, a 
braider layer of fibrous reinforcing material 
9^ disposed in generally tensioned relation 
arourd the inner tube, and an outer sheath 94 
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the nylon inner rube 90 and of the sheath, 
by means of a chemical solvent for nylon. 
Some such materials which may function in 
this capacity are phenol, various cresols, cre- 
sylic acid, or solutions or resorcinol. These 
materials create a generally soft, sticky con- 
dition on the surface of the nylon, and when 
the braid is applied under tension, it tends to 
bury itself into the confronting soft surface 
layer of nylon, which actually is nylon in 
solution, and when the solvent evaporates there 
is a firm joining of the braid to the surface 
of the nylon. However, the braid is generally 
immobilized under these conditions, and it is 
not free to flex in tension or compression when 
the tubing is bent, since the dissolved nylon 
has generally penetrated the strands 14 and 
substantially immobilized the filaments there- 
of. 

As can be seen from Figure 6 A, the indi- 
vidual strands or ;i yarns" 14 of strengthening 
material comprise a multitude of filaments IS, 
such as for instance a 1100 denier Dacrcn- 
yarn; these strands or "yarns'* 14 are effec- 
tively embedded fn both the inner tube 90 
and the outer sheath 94 due to the action of 
the solvent. Upon partial bending of such a 
composite tubing, as shown, for instance, in 
Figures 7, 7 A and 7B, the strands on the 



neper and undersides of 



tubing, are put 
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under tension and compression respectively, 
and the cross-sections of these strands may 
become distorted as shown; since the cuter 
filaments of each yarn are embedded in inti- 
mate contact with the confronting crystalline 
nylon material, and the filaments are gener- 
ally Immobilized against movement with res- 
pect to one another, such filaments are 
stretched and distorted out of normal position 
with respect to the other filaments of the 
respective yarn or strand, and the hose assumes 
a slight oval shape in cross section. This is 
primarily because the filaments of each strand 
are not readily movable, but instead are immo- 
bilized by being embedded in the adjacent 
nylon material, and die filaments are immo- 
bilized by the penetration of the solvent into 
the strands. 

A greater bend of the tubing X is shown in 
Figures 8, 8 A and SB; because the filaments 
IS of strands 14 have substantially no longi- 
tudinal slide with respect to one another, and 
the fused structure prevents compression of 
the strands or yarn without inducing a linear 
pull with regard to the inner tube 90, a crimp- 
ing force is induced in the tubing:, and the 
Latter crimps, as at ICG, to cause a more or 
less permanent area of creasing to be induced 
in the tubing. At this area future failure of 
the tubing may occur. 

Now referring to Figures 9 to 11B, in the 
straight condition of a piece of tubing of the 
present invention, it will be seen that the 
"yarns" or strands 14 of the braided material 
are of generally circular configuration, and are 



completely encapsulated in rhc elastomeric 
pclyurethane adhesive layer 15. Upon partiaL 
bending of the elastic tubing, as shown in 
Figures 10, 10A and 10B, the "yarn" cross 
sections become longitudinal ellipses on the 70 
upp-r side of the hose (Figure 10A(, as the 
filaments 13 move in an orderly manner with 
regard to one another due to the non-penetra- 
ticn cf die adhesive and also to the elasticity 
ot the polyurethane adhesive layer 15 and the 75 
elasticity of the inner tube 10 and outer 
sheath 16; and on the lower side, such "yarn" 
cross sections form a generally vertically ellip- 
tical condition (Figure 10B), due to compres- 
sion forces on that side. Since the strands or 8C 
"yarns" 14 are encapsulated c-r embedded in 
the elastomeric adhesive, and the adhesive 
gives with the compression and tension of the 
tubing, and the filaments of each strand or 
"yarn" 14 are generally free to move with 85 
respect to one another, the strands or "yarns" 
14 in an orderly manner absorb the forces 
applied to the tubing wall. 

Upon greater flexure of the tubing, as shown 
in Figure 11, the filaments slide in a more 90 
or less circumferential direction with respect 
to the cere tubing, and longitudinally with 
regard to the respective strand, and thus form 
greater elliptical configurations of crcss-sec- 
tion> as shown in the enlarged sections, S3 
(Figures 1 1 A and 11B) of such view, without 
crimping occurring. 

Tests have been performed on the com- 
posite tubing of the invention as compared to 
the composite plastic tubing X. Samples of 100 
one-quarter inch and three-eights inch inter- 
nal diameter of each of the two forms of 
tubing were supported in a flexing test device, 
and each sample was bent to U- shape having 
approximately one and a half inch radius. 105 
With the composite tubing X a force of 12 to 
14 pounds was required to bend the one- 
quarter inch internal diameter sample. The 
same size of hose in the polyurethane con- 
struction of the present application required 110 
merely a force of 5 to 7 pounds. In a three- 
eights inch internal diameter hose of the tub- 
ing X, a force of 22 to 25 pounds was re- 
quired. With the polyurethane tubing of the 
present invention, only 14 to 16 pounds of 115 
force was required. It will be seen therefore 
that the tubing of the present invention has 
considerably greater flexibility as compared 
to composite plastic tubing X. 

Also, the crimp resistance of the tubing of 120 
the present invention was compared with that 
of the above described nylon construction, and 
it was found that in a six inch long piece of 
the one-quarter inch internal diameter nylon 
tubing, which was bent into a U, a kink or 125 
crimp appeared in the tubing upon movement 
of the ends of the tubing within three inches 
of cne another. In one-quarter inch internal 
diameter polyurethane tubing of the present 
invention, no kinks whatsoever appeared in 130 
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the cubing even when the ends were bent into 
contact. r 

The notch sensitivity of the tubing Oi the 
present invention is much lower than that of, 

5 : ior instance, the composite nylon tubing; 
abcve-described, because nylon is extremely 
sensitive to notching, especially when _ dry. 
Tests comparing the burst strength ct die 
polvurethane tubing of the present invention 

10 with that ct the nylon tubing showed them, tc 
be about equal. It will be seen, therefore, that 
the tubing of the present application while 
possessing such greater flexibility and resis- 
tance to crimp than the nylon tubing des- 

15 cnbed, has the same strength characteristics as 
the nylon tubir.g. 

WHAT WE CLAIM IS : — 
1. A composite tubing comprising an inner 
tube of extruded thermoplastic elastomeric 
20 polyurethane material, at least one layer of 
fibrous material disposed about said inner tube 
and forming a reinforcing member, an elasto- 
meric polyurethane adhesive bonding said re- 
i'n herein CT member ra sru'd inner tube, and an 
25 outVr~sheark of extruded thermoplastic elas- 
tomeric polyurethane material covering said 
reinforcing member, said adhesive bending 
said outer sheath to said reinforcing member 
and to said inner tube. 
30 2. A composite tubing comprising an inner 
tube of extruded thermoplastic elastomeric 
polyurethane material, a plurality of strands 
disposed about the inner tube and forming a 
reinforcing member therefor each strand m- 
35 eluding a multiplicity of separate filaments^an 
elastomeric polyurethane adhesive bonding 
said reinforcing member to said inner tube, 
and an outer sheath of extruded thermo- 
plastic eiastcmeric polyurethane covering said 
40 reinforcing member, said adhesive bonding 
said outer sheath to said reinforcing member 
and to said inner tube and encapsulating the 
strands while permitting controlled movement 
of inner filaments of each strand within its 
45 respective adhesive envelope. m 
3 A composite tubing as claimed in Claim 
1 or Claim 2, wherein said adhesive is formed 
from a prcpolymer, a chain extender, and a 
reaction catalyst. _ # . 

50 4. A composite tubing as claimed in Claim 
3, wherein the prepolymer, chain extender and 
-■'■'Ction catalyst form bv weight respectively 
SQ.2 to 93 3%, 5.6 to 9.S% T and 1.0 to 
1.2 ,J o or the adhesive. 
55 5 A composite tubing as claimed in any of 
the preceding claims, wherein said strands 
are of a floss-type. 



6. A composite tubing as claimed in Claim 
5, wherein said strands are formed of poly- 
ester filaments. 

7 A composite tubing as claimed in Claim 
5> wherein said strands are formed of poly- 
amide ri laments. 

3 -\ composite tubing as claimed in any 
cf the preceding claims, wherein the wall 6d 
thicknesses of said inner tube and said outer 
she.nh are approximately equal. 

9. A composite tubing as claimed in any ot 
the preceding claims, wherein the wall thick- 
ness of "said Inner tube is within the range of ^' 
.03 to .050 inch and the wall thickness of said 
outer sheath is within the range of .025 to 
.040 inch, and the composite wall thickness 

of said tubing is within the range of .090 ^ 
to .125 inch. . ° 

10. A method cf making a composite tub- 
ing as claimed in Claim 1, or in Claim 2, 
comprising the steps of forming an inner 
tube of extruded thermoplastic elastomeric ^ 
polyurethane material, applying a liquid layer ^ 
of elastomeric polyurethane adhesive to the 
inner tube, causing the adhesive layer to gel, 
applying a layer of fibrous material about the 
inner tube and upon the gelled adhesive layer 

to form a reinforcing member which is encap- ^ 
sulated in the adhesive and thereby bonded 
to the inner tube, and forming an outer sheath 
of extruded thermoplastic elastomeric poly- 
urethane material about the reinforcing mem- 
ber with the adhesive bonding said outer w 
sheath to said reinforcing member and said 
inner tube, . 

11. A method according to Claim 10, where- 
in a further layer of liquid adhesive is applied 

to the reinforcing member and wherein the 9o 
further layer is "caused to gel and where- 
in the outer sheath is extruded over said gelled 
further layer member. 

12. A method according to Claim 10 or 

to Claim 11, wherein rluid^ pressure is admit- 100 
ted into the interior of the inner tube under 
pressure whereby to keep it in non-collapsed 
condition during extrusion. ^ 

13. The composite tubing herein described 
with reference to Figures 1 and 2 of the lOr 
accompanying drawings. t _ 

14. The method of making composite tubing 
herein described with reference to Figures 3 
to 5 of the accompanying drawings. 

ALL AM & TREGEAR, 
Chartered Patent Agents, 

2 & 3 Norfolk Street, 
Strand, London, W.C.2. 
Agents for the Applicants,.. 
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